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ABSTRACT 

T h i s  memorandum d i s c u s s e s  Common-Mission-Module 
( C M M )  c o n f i g u r a t i o n s  w i t h  r e s p e c t  t o  p r e l i m i n a r y  s t r u c t u r a l  
weight es t imates  f o r  v a r i o u s  proposed  m i s s i o n s .  It i s  
concluded  t h a t  a o n e - f l o o r  CMM i s  more advantageous  weight- 
wise ( s t r u c t u r a l )  t h a n  a two- f loo r  CMM f o r  m i s s i o n s  
r e q u i r i n g  2 t o  3 a s t r o n a u t s .  A l s o ,  a two- f loo r  CMM i s  more 
advantageous  weight-wise ( s t r u c t u r a l )  t h a n  a o n e - f l o o r  CMM 
f o r  m i s s i o n s  r e q u i r i n g  4 t o  1 2  a s t r o n a u t s .  The p e n a l t y  
a s soc ia t ed  w i t h  u s i n g  one - f loo r  m i s s i o n  modules on p l a n e t a r y  
m i s s i o n s  ( z  4 a s t r o n a u t s )  i s  approx ima te ly  4 %  o r  l e s s  o f  t h e  

i n j e c t e d  p a y l o a d ,  Whereas, t h e  weight  advan tage  a s s o c i a t e d  
w i t h  a 2 t o  3 man CMM, f o r  r e l a t i v e l y  s h o r t - l i v e d  l u n a r  
bases, r e p r e s e n t s  5% or more o f  t h e  l anded  pay load ,  and 
p e r h a p s  25% o f  t h e  u s e f u l  p a y l o a d .  
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I.  I N T R O D U C T I O N  

I n  t h e  p l a n n i n g  o f  p o s t  Apol lo  manned s p a c e  
a c t i v i t i e s ,  i t  has been proposed t h a t  as much u s e  as 
p o s s i b l e  b e  made o f  a l l  newly developed  hardware and 
s p a c e c r a f t  modules.  I n  p u r s u i n g  t h i s  g o a l ,  one mode o f  
advanced p l a n n i n g  i s  t o  s tudy  t h e  v a r i o u s  proposed m i s s i o n s  
and d e t e r m i n e  e x i s t i n g  commonality;  knowing t h i s  commonal i ty ,  
i t  may t h e n  appea r  f e a s i b l e  t o  d e s i g n  and deve lop  common 
s p a c e c r a f t  hardware t ha t  would require a minimum o f  mod i f i -  
c a t i o n ,  i f  any,  f o r  a p a r t i c u l a r  m i s s i o n .  

T h i s  memorandum g e n e r a l l y  d i s c u s s e s  Common- 
Mission-Module ( C M M )  c o n f i g u r a t i o n s  w i t h  r e s p e c t  t o  
p r e l i m i n a r y  s t r u c t u r a l  weight es t imates  f o r  v a r i o u s  p roposed  
m i s s i o n s .  A m a t r i x  o f  proposed pr imary  and secondard  
advanced m i s s i o n s  i s  shown i n  Tab le  1. 

TABLE 1 

PRIMARY 
S u r f  a c e  

F l y  BY O r b i t a l  Landing S h e l t e r  

E a r t h  

Mars 

Moon 

Venus 

SECONDARY 

Mercury 

J u p i t e r  

A s t e r o i d s  

X 

X X X X 

X X 

X X X 
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A b a s i c  CMM c o n f i g u r a t i o n  i s  assumed i n  t h i s  
memorandum (see F i g u r e s  1 and 2 ) .  
t i o n  i t  i s  n o t  proposed  t h a t  t h i s  i s  n e c e s s a r i l y  "the-way- 
to-go" b u t  r a the r  that  i t  i s  r e p r e s e n t a t i v e  weight-wise and a 
r e a s o n a b l e  c h o i c e  t o  e s t a b l i s h  as a f o c a l  p o i n t  f o r  f u r t h e r  
s t u d y .  

11. ASSUMPTIONS: 

I n  choos ing  t h i s  c o n f i g u r a -  

The f o l l o w i n g  assumpt ions  were made i n  pe r fo rming  
t h i s  s t u d y :  

1. 

2.  

3. 

4. 

5.  

6 .  

7.  

The maximum o u t e r  diameter of  t h e  CMM i s  260  
i n c h e s  t o  i n s u r e  c o m p a t i b i l i t y  w i t h  t h e  S I V B  
stage o f  t h e  S V  l a u n c h  v e h i c l e  w i t h o u t  i nduc -  
i n g  a hammerhead c o n d i t i o n  d u r i n g  l a u n c h  i n t o  
E a r t h  o r b i t .  

The minimum f r e e  h e i g h t  between floors i s  
6 f e e t .  

L i v i n g  q u a r t e r s  e n t a i l i n g  such  f u n c t i o n s  as 
s l e e p i n g ,  r e c r e a t i o n ,  p e r s o n a l  h y g i e n e ,  e t c . ,  
are separate  from s p a c e c r a f t  o p e r a t i o n s  en- 
t a i l i n g  such  f u n c t i o n s  as command and c o n t r o l ,  
l a b o r a t o r i e s ,  e t c .  

S p a c e c r a f t  o p e r a t i o n s  and command and c o n t r o l  
f u n c t i o n s  shou ld  b e  packaged i n  CMM o p e r a t i o n s  
q u a r t e r s  i n  a manner t h a t  i s  o p e r a t i o n a l l y  
e f f i c i e n t .  

The CMM i s  p r e s s u r i z e d  a t  7 . 5  p s i .  

A c e n t r a l  pas sageway /a i r lock  i s  r e q u i r e d  for 
crew t r a n s f e r  and f o r  modular p r o t e c t i o n  
a g a i n s t  s p a c e c r a f t  i n t e r i o r  h a z a r d s .  

p r i m a r y  s p a c e c r a f t  c o n t r o l  f u n c t i o n s  are  
c e n t r a l l y  l o c a t e d  i n  t h e  c e n t r a l  passageway 
and i t  w i l l  be f u r t h e r  des igned  t o  s e r v e  
( i n  p a r t )  as a s h e l t e r  d u r i n g  ex t reme s o l a r  
a c t i v i t y  . 
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8 .  

9 .  

10. 

A m e t e o r o i d  p e n e t r a t i o n  c r i t e r i o n  o f  
P ( 0 )  = 0 . 9 9 9  i s  used.  

The nea r -Ea r th  Apollo m e t e o r o i d  environment  
i s  used  th roughou t  a l l  s p a c e  o t h e r  t h a n  t h e  
a s t e r o i d  b e l t  (Reference  2 ) .  

The maximum MSC a s t e r o i d  f l u x  model,  based  
on c a l c u l a t i o n s  of t h e  Gegenshein pheonomenon, 
i s  used  f o r  a s t e r o i d  s h i e l d i n g  d e s i g n .  
(Refe rence  3 ) .  S ince  t h e  a s t e r o i d  b e l t  i s  
d i r e c t i o n a l ,  one-half  of t h e  CMM c y l i n d r i c a l  
s u r f a c e  a r e a  i s  assumed exposed t o  a s t e r o i d a l  
impac t .  

111. CMM CONFIGURATION: 

Var ious  bulkheads  can  be used  f o r  t h e  c y l i n d r i c a l  
m i s s i o n  module shown i n  F i g u r e s  1 and 2 .  Some of the  
c o n f i g u r a t i o n  t h a t  can  b e  c o n s i d e r e d  a r e :  

a .  F l a t  p l a t e ,  
b .  E l l i p t i c a l ,  
e .  Hemisphe r i ca l ,  
d .  T o r o i d a l  ( e i t h e r  c i r c u l a r  or e l l i p t i c a l )  and ,  
e .  S c a l l o p  ( see  F igure  3 ,  Re fe rence  6 ) .  

I n  choos ing  t h e  b e s t  c o n f i g u r a t i o n  f o r  a CMM, t h e  bulkhead  
we igh t  must be t r aded  o f f  w i t h  r e s p e c t  t o  t h e  we igh t  o f  t h e  
a d d i t i o n a l  l e n g t h  o f  c y l i n d r i c a l  s e c t i o n  r e q u i r e d ,  and a l s o  
w i t h  r e s p e c t  t o  commonality. It i s  n o t  p r e s e n t l y  c l e a r  which 
i s  t h e  b e s t  bu lkhead  c o n f i g u r a t i o n  f o r  t h e  C M M .  Of  t h e  above 
a l t e r n a t i v e s ,  however, t h e  t o r o i d a l  m i s s i o n  module/bulkhead 
c o n f i g u r a t i o n  ( F i g u r e  1 and 2 )  a p p e a r s  t o  be a n  i n t e r e s t i n g  
p r o s p e c t  and i s  t h e r e f o r e  assumed i n  t h i s  memorandum. 
problem may e x i s t  d u r i n g  launch  i n t o  E a r t h  o r b i t  and p e r h a p s  
d u r i n g  o t h e r  l a r g e  p r o p u l s i v e  maneuvers ,  due t o  t h e  t endency  
o f  a t o r o i d  t o  r o l l  i n s i d e  ou t  when s u p p o r t e d  o n l y  a round  i t s  
o u t s i d e  edge .  However, t h i s  can  b e  overcome by t h e  u s e  o f  
t e n s i o n  c a b l e s  such  as a re  shown i n  F i g u r e s  1 and 2 .  These 
c a b l e s  can  r e a d i l y  be  removed subsequen t  t o  l aunch  i n t o  E a r t h  
o r b i t  or i n j e c t i o n ,  t h e r e b y  a v o i d i n g  a d d i t i o n a l  c o n s t r a i n t s  
on t h e  f r e e  movement o f  a s t r o n a u t s  w i t h i n  t h e  C M M .  If 
r e q u i r e d  t h e y  can  be r e p l a c e d  f o r  o t h e r  p r o p u l s i v e  maneuvers 
s u c h  as r e t r o - b r e a k i n g ,  e t c .  

A 
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Var ious  o u t e r - w a l l  s k i n  c o n f i g u r a t i o n s  can  be  
c o n s i d e r e d  f o r  a m i s s i o n  module. The d e s i g n  of  t h e  o u t e r -  
w a l l  must p r o v i d e  f o r  t he  f o l l o w i n g  f u n c t i o n s :  

1. Withs tand  l aunch  l o a d s ,  

2 .  Wi ths t and  CMM i n t e r n a l  p r e s s u r e ,  

3. M e t e o r o i d / a s t e r o i d  s h i e l d i n g ,  

4 .  R a d i a t o r s ,  and  

5 .  Thermal i n s u l a t i o n .  

The o u t e r - w a l l  c o n f i g u r a t i o n  assumed i n  t h i s  memorandum i s  
shown i n  F i g u r e  4 .  It i s  composed o f  a t r u s s - c o r e  sandwich 
separated from a " t h i r d "  shee t .  T h i s  c o n f i g u r a t i o n  l e n d s  i t- 
s e l f  towards  t h e  s u p p o r t  o f  l a u n c h  l o a d s  t h r o u g h  t h e  t r u s s  
c o r e ,  and t h e  CMM i n t e r n a i  p r e s s u r e  t h r o u g h  t h e  t h i r d  s k i n .  
It i s  a n  e f f i c i e n t  s t r u c t u r e  f o r  me teo ro id  s h i e l d i n g  and,  f o r  
p r e l i m i n a r y  d e s i g n  p u r p o s e s ,  i t  can  be i d e a l i z e d  as a +sheet 
c o n f i g u r a t i o n  b y  c o n s i d e r i n g  one-ha l f  t h e  t h i c k n e s s  o f  t h e  c o r e  
t o  be  a c t i n g  i n t e g r a l l y  w i t h  t h e  t h i c k n e s s  of  t h e  t r u s s - c o r e  
f a c e  shee t s ,  R a d i a t o r  t u b i n g  can  b e  n e a t l y  a t t a c h e d  t o  t h e  
o u t e r  t r u s s - c o r e  face s h e e t  r u n n i n g  p a r a l l e l  t o  t h e  c o r e .  An 
i n s u l a t i n g  mater ia l ,  such  as m u l t i - s h e e t  i n s u l a t i o n ,  can  b e  
e a s i l y  accommodated between t h e  t r u s s - c o r e  and p r e s s u r e  w a l l  
o f  t h e  CMM, c o r r e c t l y  p o s i t i o n e d  beh ind  t h e  r a d i a t o r .  T h i s  
c o n f i g u r a t i o n  l e n d s  i t s e l f  towards  commonality i n  t h a t  t h e  
p r e s s u r e  wall  can  remain  t he  same f o r  a l l  m i s s i o n s .  R e f e r r i n g  
t o  Refe rence  7 ,  conce rn ing  e x p e c t e d  bumper t h i c k n e s s ,  i t  a p p e a r s  
t h a t  t h e  o u t e r  f a c e  shee t  (bumper) can a l s o  r e a s o n a b l y  remain  
c o n s t a n t .  T h e r e f o r e ,  i t  a p p e a r s  t h a t  t h e  v a r i o u s  me teo ro id /  
a s t e r o i d  d e s i g n  r equ i r emen t s  can b e  s a t i s f i e d ,  k e e p i n g  t h e  
b a s i c  o u t e r - w a l l  geometry c o n s t a n t ,  b y  mere ly  changing  t h e  
t h i c k n e s s  of t h e  rear t r u s s - c o r e  f a c e  sheet  ( 0 . 0 5  i n c h  < t h i c k -  
n e s s  < 0 . 5  i n c h ) .  Futhermore,  a common r a d i a t o r  can  b e  des igned  
t o  accommodate t h e  above m a t r i x  o f  m i s s i o n s  f o r  a v e r y  small  
weight  p e n a l t y  (Refe rence  7 ) .  

I V .  CMM STRUCTURE WEIGHT: 

P r e l i m i n a r y  weight  estimates o f  t h e  CMM c o n f i g u r a -  
t i o n s  shown i n  F i g u r e s  1 and 2 have been  made an  are  l i s t e d  
i n  T a b l e  2 .  The weight  e s t i m a t e s  a re  g i v e n  as a f u n c t i o n  o f  
v a r i o u s  m i s s i o n s ;  these  m i s s i o n s  bounding t h e  proposed  m a t r i x  
of advanced m i s s i o n s  l i s t e d  i n  t h e  i n t r o d u c t i o n  o f  t h i s  memo- 
randum, Bulkhead weights  are v e r y  s e n s i t i v e  t o  t h e  assumed 
CMM geometry and v a r i a t i o n s  r a n g i n g  w i t h i n  a n  order-of-magni- 
t u d e  are  p o s s i b l e .  It i s  f e l t ,  however,  t h a t  t h e  t o r o i d a l  con- 
f i g u r a t i o n  assumed i n  t h i s  memorandum i s  r e a l i s t i c a l l y  repre- 
s e n t a t i v e  of  t h e  expec ted  weight  p e n a l t y .  
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Weight (7) l b s  
f t  

A l a rge  p o r t i o n  o f  t h e  s t r u c t u r a l  weight i s  a t t r i b u -  
t e d  t o  t h e  CMM o u t e r  wal l  and i s  a f u n c t i o n  o f  t h e  proposed  
m i s s i o n ;  t h i s  v a r i a t i o n  be ing  p r i m a r i l y  due t o  t h e  me teo ro id /  
a s t e r o i d  env i ronmen t s .  Using t h e  m e t e o r o i d  envi ronment  as 
s p e c i f i e d  i n  Reference  2 and t h e  Charters and  Summers p e n e t r a -  
t i o n  t h e o r y ,  a l o n g  w i t h  a c r i t e r i o n  of  P (0)  = 0 . 9 9 9 ,  t h e  re- 
q u i r e d  t h i n - s h e e t  weight of aluminum can  be  d e t e r m i n e d  as a 
f u n c t i o n  of exposed  CMM c y l i n d r i c a l  s u r f a c e  area and m i s s i o n  
d u r a t i o n .  However, t h e  o u t e r  wal l  o f  t h e  CMM i s  n o t  a t h i n  
sheet  of aluminum; it i s  a complex s t r u c t u r e .  T h e r e f o r e ,  a n  
a p p r o p r i a t e  bumper f a c t o r  s h o u l d  be  used  t o  estimate o u t e r -  
w a l l  w e i g h t s ,  Var ious  bumper f a c t o r s  have been  proposed  
r a n g i n g  as h igh  as 20  f o r  m i s s i o n s  i n  t h e  e a r l y  1970's. How- 
e v e r ,  i t  i s  n o t  u n r e a l i s t i c  t o  assume t h a t  bumper f a c t o r s  o f  
o n l y  5 or s o  may a c t u a l l y  b e  used when m e t e o r o i d  s h i e l d i n g  i s  
c o n s i d e r e d  i n  c o n t e x t  w i t h  a l l  t h e  r e q u i r e m e n t s  o f  a CMM o u t e r  
w a l l .  (Re fe rence  5 ) .  A l o w e r  c u t o f f  p o i n t  e x l s t s  f o r  o u t e r -  
w a l l  s t r u c t u r e  d e n s i t y .  Assuming a t r u s s  c o r e  where t h e  f a c e  
shee ts  a re  spaced  a t  an e f f e c t i v e  d i sLance  !'or me teo ro id  Dumper 
s h i e l d i n g ,  a minimum t h i c k n e s s  e x i s t s  t o  p r e v e n t  l o c a l  and g r o s s  
b u c k l i n g  due t o  b o o s t  l o a d s  d u r i n g  l a u n c h  i n t o  E a r t h  o r b i t .  
Also, t h e  " t h i r d "  sheet  o r  CMM p r e s s u r e  w a l l  must be t h i c k  enough 
t o  w i t h s t a n d  i n t e r n a l  cab in  p r e s s u r e .  I f  t h e r e  were no meteor-  
o i d / a s t e r o i d  envi ronments  t o  w i t h s t a n d ,  t h e  o u t e r  wa l l  c o u l d  
b e  d e s i g n e d  d i f f e r e n t l y  and f o r  l e s s  weight .  It c o u l d ,  f o r  
i n s t a n c e ,  b e  p r e s s u r e  s t a b i l i z e d .  Applying t h e  above bumper 
f a c t o r ,  t h e  o u t e r - w a l l  weight  d e n s i t y  f o r  m i s s i o n s  in :pace o t h e r  
t h a n  t h e  a s t e r o i d  b e l t  a r e  shown i n  F i g u r e  5 .  Lower c u t o f f  
p o i n t s  t o  o u t e r - w a l l  weights  as w e l l  as estimated m e t e o r o i d  
s h i e l d i n g  we igh t s  were i n v e s t i g a t e d  i n  d e t a i l  b y  t h e  Boeing Com- 
pany,  S e a t t l e ,  and a re  r e f l e c t e d  i n  F i g u r e  5 .  B r i e f l y ,  t h e  o u t e r -  
wal l  weight  p e n a l t i e s  f o r  a 2 and 5 year  m i s s i o n  d u r a t i o n ,  f o r  
t h e  CMM c o n f i g u r a t i o n s  i n  F i g u r e s  1 and 2 a re  

2-Floor  
Weight 1 ( ~ )  l b  s 

nc 

4 . 2  

5 . 6  
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1. O u t e r  Wal l /Miss ions  
2 Yr. Meteoro id  
5 Yr. Meteoro id  
8 Mo. A s t e r o i d  

2 .  2-Bulkheads 

3. 2 -F ie ld  J o i n t  Rings 
(6x4x1/4 i n c h  box 
s e c t i o n  , A L . )  

4. 2-Support Rings 
(6x4x1/8 i n c h  t ee -  
s e c t i o n   equivalence,^^: 

5 .  Hatches  ( 2 - o u t e r  and 
1 - a i r l o c k )  

6. C e n t r a l  A i r l o c k  
( 3 . 5  f t  d i a .  x 0.05 
i n c h ,  AL. ) 

( 0 . 1 0  i n c h  ,AL. p l a t e  
e q u i v a l e n c e )  

8 .  Diagonal  Tens ion  T i e s  
(10-1/4 i n c h  flex. 
c o r o s i o n  res .  c a b l e s )  

9 .  T o t a l  of Items 2+8 

10. Cont ingency ,  1 0 %  of 

11. T o t a l  Weight ( I tems 

7 .  Beams and F l o o r i n @  

I t e m  9 

1 + 9 + 10) 
2 Yr. Meteoroid 
5 Yr. Meteoro id  
8 Mo. A s t e r o i d  

TABLE 2 

1383 

816 

PRELIMINARY STRUCTURAL WEIGHT BREAKDOWN 
OF A ONE AND TWO-FLOOR COMMON MISSION MODULE 
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816 
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ITEMS 

4339 

434  

4903 
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I I 

2380 
3260 
5300 

4580 
6100 

1 0 9 0 0  

750 

300 

79 

9 0 5  

106 

750 

300 

1 2 6  

1358 

170 
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"Whether o r  n o t  i t e m  7 i s  " r e q u i r e d "  i s  n o t  as y e t  d e t e r m i n e d .  
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C o n s i d e r i n g  t h e  maximum a s t e r o i d  f l u x  model proposed  by MSC 
based on c a l c u l a t i o n s  o f  t h e  Gegenshein phenomenon, a 
P ( 0 )  = 0 . 9 9 9  d e s i g n  c r i t e r i o n ,  and a bumper f a c t o r  o f  5 . 0 ,  
t h e  o u t e r - w a l l  weight  p e n a l t i e s  f o r  m i s s i o n s  th rough  t h e  
a s t e r o i d  b e l t  can b e  estimated and are a l s o  shown i n  F i g u r e  
5 .  The weight  p e n a l t y  a s s o c i a t e d  w i t h  a Mars t w i l i g h t  f l y b y  
m i s s i o n ,  240 days  i n  t h e  a s t e r o i d  b e l t ,  i s  approx ima te ly  

l b s  1 - f l o o r  CMM + weight  - % 7.87 
f t  
lb s 2 - f l o o r  CMM + weight Q, 10.0- 
f t 2  

- 

V. V A R I A T I O N  OF CMM STRUCTURE WEIGHT WITH RESPECT TO ONE 
AND TWO FLOOR C O N F I G U R A T I O N S  AND NUMBER OF ASTRONAUTS: 

A m a t r i x  showing t h e  p a r a m e t r i c  e f f e c t s  o f  c o n s i d e r -  
i n g  one and two- f loo r  mission-module b u i l d i n g  b l o c k s  as a func-  
t i o n  of t h e  number of a s t r o n a u t s  i s  shown i n  T a b l e  4 .  T h i s  
m a t r i x  i s  f o r  a 2 -yea r  mi s s ion  i n  space  t h a t  does  n o t  p a s s  
t h r o u g h  t h e  a s t e r o i d  belt. I n c l u d e d  i n  t h e  m a t r i x  a re  t h e  CMM 
parameters 

a .  Length ,  
b .  T o t a l  p r e s s u r i z e d  volume, and 
c .  S t r u c t u r a l  w e i g h t .  

A o n e - f l o o r  CMM b u i l d i n g  b l o c k  shows a s t r u c t u r a l  weight  advan- 
t a g e  of 2 , 8 2 0  l b s .  w i t h  r e s p e c t  t o  two- f loo r  module. However, 
t h e r e  i s  a d i s t i n c t  advantage ,  we igh t  wise ( 2 , 5 9 3  l b s .  t o  
5 , 6 9 3  l b s . )  f o r  u s i n g  a two-f loor  CMM b u i l d i n g  b lock  f o r  m i s -  
s i o n s  r e q u i r i n g  4 t o  1 2  a s t r o n a u t s .  S i n c e  advanced p l a n e t a r y  
s t u d i e s  a re  c u r r e n t l y  h e a v i l y  we igh ted  towards  m i s s i o n s  re-  
q u i r i n g  4 a s t r o n a u t s  o r  g r e a t e r , i t  a p p e a r s  , based on s t r u c t u r a l  
weight o n l y ,  t h a t  two- f loo r  CMM b u i l d i n g  b l o c k s  a r e  more advan- 
t ages  t h a n  o n e - f l o o r  modu1.es. However, t h e  s e v e r a l  t housand  pound 
p e n a l t y  a s s o c i a t e d  w i t h  t h e  use  o f  t h e  smaller module on la rger -  
s c a l e  m i s s i o n s  may g r e a t l y  i n c r e a s e  t h e  u t i l i z a t i o n  o f  t h e  b a s i c  
u n i t  t h r o u g h  a p p l i c a t i o n  i n  Lunar and Synchnonous E a r t h - o r b i t a l  
m i s s i o n s .  



- 8 -  



BELLCOMM, INC.  

MISSION 

2 y r .  me teo ro id  
5 y r .  me teo ro id  
8 mo. a s t e r o i d  
b e l t .  

- 9 -  

A 

1-Floor Weight 2-Floor Weight 
( l b d  ( 1 W  
7153 9973 
8033 11493 

10073 16293 

V I .  CONCLUSIONS: 

1. The t o t a l  s t r u c t u r a l  we igh t  o f  a one  and a two- 
floor CMM ( s e e  F i g u r e  1) can  be e s t i m a t e d  as 

2 .  A one - f loo r  CMM i s  more advantageous  weight-wise 
( s t r u c t u r a l ) ,  t h a n  a two- f loo r  CMM for m i s s i o n s  
r e q u i r i n g  2 t o  3 a s t r o n a u t s .  

3.  A two- f loo r  CMM i s  more advantageous  weight-wise 
( s t r u c t u r a l )  t h a n  a o n e - f l o o r  CMM f o r  m i s s i o n s  
r e q u i r i n g  4 t o  1 2  a s t r o n a u t s .  

4. The s e v e r a l  thousand pound p e n a l t y ,  a s s o c i a t e d  
w i t h  u s i n g  o n e - f l o o r  CMM b u i l d i n g  b l o c k s ,  on 
p l a n e t a r y  m i s s i o n s  r e q u i r i n g  4 a s t r o n a u t s  i s  

approx ima te ly  4 %  o r  less  of t h e  i n j e c t e d  p a y l o a d .  
Whereas, t h e  weight  a d v a n t a g e ,  a s s o c i a t e d  w i t h  a 
2 t o  3 man CMM, f o r  r e l a t i v e l y  s h o r t - l i v e d  l u n a r  
bases ,  r e p r e s e n t s  5% o r  more of  t h e  l anded  
pay load ,  and perhaps  25% of t h e  u s e f u l  p a y l o a d .  

1013-CEJ-sjh 

Attachments  
F i g u r e  1-5 
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